A global epidemic of obesity is developing. Current prevalence rates are about 20 ± 25% in American adults and 15 ± 20% in Europeans. OBJECTIVE: We investigated the association between population levels of physical activity, dietary fat, dietary ®ber and indicators of body fat. DESIGN: Cross-cultural study of 16 cohorts of, in total, 12 763 middle-aged men in seven countries. These men were examined between 1958 and 1964. MEASUREMENTS: Height, weight and subscapular skinfold thickness were measured. Information about job-related physical activity and diet was gathered by questionnaire. RESULTS: The population average body mass index (weightaheight 2 ) varied between 21.8 and 26.0 kgam 2 and the population average subscapular skinfold thickness between 8.4 and 23.7 mm. The population average physical activity index and dietary ®ber intake were both strongly inversely related to population average subscapular skinfold thickness and explained together 90% of the variance in subscapular skinfold thickness. Similar but less strong results were obtained for average population body mass index. CONCLUSION: At the population level job-related physical activity and dietary ®ber but not dietary fat, are important determinants of subscapular skinfold thickness.
Introduction
Obesity is a common and growing problem in af¯uent countries. Current prevalence rates are about 20 ± 25% in American adults and 15 ± 20% in Europeans. 1 Direct costs of obesity in these regions have been estimated to be responsible for about 5 ± 10% of total health care costs and indirect costs (due to loss of productivity) are of the same order of magnitude. 2, 3 The problem of obesity is smaller in many countries undergoing economic transition, but is rapidly increasing there. This increase is accompanied by a sharp increase in the incidence of type 2 diabetes mellitus and cardiovascular diseases. 4 The development of obesity is the consequence of chronic and sustained energy imbalance when energy intake exceeds energy expenditure. Therefore it is necessary to take both sides of the energy equation simultaneously into account. Both energy imbalance as well as maintenance of obesity are thought to be facilitated by energy-dense diets and sedentary lifestyles. 3 Short-term covert manipulation of energy density of food has shown to affect energy intake. 5, 6 The role of fat intake in the etiology of obesity is controversial. Epidemiological and long-term intervention studies did show a relatively small effect of changes in dietary fat content on energy balance and weight change. 7, 8 Ecological studies on the association between relative fat intake and body mass index (BMI, weightaheight 2 ) have shown both positive and inverse associations. 9 These inconsistencies can be partly explained by the lack of control for energy expenditure and energy-dense diets. Data from the UK have suggested that crude indicators of leisure time physical activity such as amount of television viewing and number of cars in the household are strongly associated with trends in obesity rates and differences between socio-economic classes, whereas the contribution of energy intake by dietary fat was not related to obesity. 10 To our knowledge there have been no attempts to study differences in obesity rates in populations in relation to the combination of population energy expenditure levels and indicators of energy density. In addition, relative fat intake was usually the sole indicator of dietary intake and energy expenditure was evaluated mainly by leisure time activities. Moreover, in virtually all studies BMI was used as a measure of body fat and the validity of BMI as a measure of body fat across populations has been questioned. 11, 12 In the present study we used both average levels of body fat measured by BMI and subscapular skinfold thickness in middle-aged men participating in the Seven Countries Study in the period 1958 ± 1964. The study populations ranged from farmers to university professors and differences in energy expenditure were predominantly caused by differences in job-related physical activity and not by leisure time activity. Indicators of energy density included not only fat intake but also ®ber intake.
Methods
Between 1958 and 1964, 12 763 men aged 40 ± 59 were enrolled in the Seven Countries Study. In these countries 16 cohorts were established, 11 in rural areas in Finland, Italy, Greece, the former Yugoslavia and Japan, two cohorts of railroad employees in the USA and Italy, one of workers in a large co-operative in Serbia, one of university professors in Belgrade and one of inhabitants of a small commercial market town in The Netherlands. The characteristics of these cohorts have been described in detail. 13 ± 15 All men in the Seven Countries Study were classi®ed at entry according to their job-related habitual physical activity pattern. 13 Class 1 men were bedridden. Class 2 men were sedentary and engaged in little exercise. This category embraced clerks, salesmen, managers, teachers etc. Class 3 men were moderately active during a substantial part of the day and consisted of bakers, butchers, plumbers, small shopkeepers etc. Class 4 men performed hard physical work much of the time and examples of this category are farmers, lumberjacks, ®shermen, blacksmiths etc. For each cohort the percentage of men in each class was determined and the average calculated. The average index was multiplied by 1000 in order to get values in the order of magnitude comparable to energy expenditure expressed in kcal.
Weight was measured with a balance to the nearest 100 g without shoes, in light undergarment, according to a standardized protocol. 13 Height was measured to the nearest 0.5 cm without shoes. The subscapular skinfold thickness was measured twice in a standardized way at the right side of the body. The average was used in the analysis. For the Japanese cohorts Tanushimaru and Ushibuka the subscapular skinfold thickness values of the 10 y follow-up survey were used because this skinfold was not measured at the baseline examination.
Between 1959 and 1964 dietary information was collected in small random samples of 14 of the 16 cohorts. 16 In the other two cohorts dietary information was gathered around 1970. The weighed record method was used in all dietary surveys. In 1985 and 1986 the original dietary data of these cohorts were coded by one dietitian in a standardized way. The average intake of different foods consumed in the 16 cohorts was calculated and summarized in 16 food groups.
In 1987, equivalent food composites representing the average food intake of each cohort at baseline were collected from local markets by two dietitians. These foods were transported in cooling boxes to the laboratory of the Department of Human Nutrition, Agricultural University, Wageningen, The Netherlands (Head, MB Katan). The foods were cleaned and equivalent food composites prepared according to the average consumption patterns of the cohorts. The foods were homogenized and frozen at À20 C until chemical analyses of the different nutrients took place. Total lipids were isolated according to Osborne and Voogt. 17 Total energy intake is the sum of total protein, fat and carbohydrates. Total dietary ®ber was determined with an enzymatic gravimetric method. 18 The physical activity index, dietary intake variables, BMI and subscapular skinfold thickness represent the average for each cohort. Analyses concern only inter-cohort comparisons. Because of the limited degrees of freedom, the multiple regression models never included more than four independent variables. Only two-sided P-values are reported.
Results
The population average BMI varied between 21.8 in Tanushimaru ( Japan) and 26.6 kgam 2 in the Rome Railroad (Italy) ( Table 1 Dietary fat intake varied from 33 gaday in Tanushimaru ( Japan) to 179 gaday in Slavonia (Croatia). Men in Ushibuka ( Japan) consumed 21 g of ®ber per day compared with 57 gaday in men from Corfu (Greece). The population average physical activity index was signi®cantly inversely associated with population average BMI (Figure 1 ). The population average physical activity index was also signi®cantly inversely associated with population average BMI after multivariate analyses (Table 2 ). Population average BMI was positively associated with population average fat intake and inversely with dietary ®ber intake. These associations did not reach statistical signi®cance after both uni and multivariate analyses.
Population average physical activity index was inversely associated with population average subscapular skinfold thickness ( Figure 2 ). In both uni and multivariate analyses population average fat intake was not associated with population average subscapular skinfold thickness (Table 3) . Population average dietary ®ber intake, however, was signi®cantly inversely associated with population average subscapular skinfold thickness in both uni-and multivariate analyses ( Figure 3 and Table 3 ). Population average physical activity index and dietary ®ber together explained 90% of the variance in population average subscapular skinfold thickness.
Discussion
The results of this ecological analysis show that physical activity and dietary ®ber intake are both strong and independent inverse correlates of average subscapular skinfold thickness in middle-aged men living in the 1960s under very different cultural circumstances. Dietary fat intake was not a signi®cant correlate of average subscapular skinfold thickness in the present study. Results were generally in the same direction but less strong for average BMI. This probably re¯ects the limitations to the use of BMI as a measure of body fat. These results suggest that physical activity and dietary ®ber are the most important environmental determinants of population levels of body fat.
The weakness of the present study is that this analysis is ecological and cross-sectional and covers 16 cohorts only. There are, however, also many merits to this study. One of Physical activity, dietary ®ber and body fat D Kromhout et al the strengths of the study is the variation in average levels of body fat in the populations studied (range of average subscapular skinfold thickness, 8 ± 24 mm, and range for BMI, 22 ± 27 kgam 2 ). The data were collected at a time when most of the variation in total daily energy expenditure in middleaged men was determined by the level of physical activity at work. In addition, this is to our knowledge the ®rst study to investigate cross-cultural differences in levels of body fat examining key indicators of energy intake, energy density and energy expenditure in one single data-set. The timing of data collection in the Seven Countries Study limits the extrapolation to the contemporary situation but the results are probably applicable for many countries in the world in different phases of economic transition. Another advantage is the availability of subscapular skinfold thickness in addition to BMI. 
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For ecological analyses it is important to know how stable the position is of each cohort in the distribution of a body fat indicator. Although the population average BMI of 16 cohorts increased from 24.0 to 24.8 kgam 2 and the population average subscapular skinfold thickness from 12.5 to 14.8 mm during a follow-up period of 10 y, the correlation coef®cients for these indicators of body fat measured 10 y apart amounted to about 0.9 (P`0.001). This means that, in spite the increase in the population average values of these indicators of body fat, their relative position in distributions of these indicators remained the same. Therefore these populations were very well suited to study the associations between physical activity, dietary variables and body fat indicators at the population level.
In epidemiological studies BMI is often used as indicators for body fat. BMI is often assumed to be independent of height (although it is not 19 ) and correlates strongly with body fat. However a high BMI may be due to a large amount of fat but can also be due to a large amount of muscle or bone. Therefore the correlation between BMI and body fat is not perfect. Subscapular skinfold thickness is a better and more direct measure of body fat than BMI. In the present study the correlation between the population average BMI and subscapular skinfold thickness was 0.75 (P`0.001). This indicates that, although these two indicators of body fat are strongly correlated, they do not exactly measure the same. In terms of indicators of body fat subscapular skinfold thickness is superior to BMI. Subscapular skinfold thickness moreover re¯ects truncal fat and has been found to be a stronger and independent predictor of coronary heart disease than BMI. 20, 21 The present study shows that population average physical activity is inversely related to both population average BMI and subscapular skinfold thickness. The association was, however, stronger for subscapular skinfold thickness than for BMI. These results are in accord with those from a study on secular trends carried out in Britain. 10 The secular trend on the prevalence of obesity between 1950 and 1990 was strongly related to that of the number of hours per week of television viewing, an indicator of physical inactivity. Also these results suggest that at the population level physical activity is a strong determinant of body fat. The patterns of physical activity explaining recent trends in the UK have of course shifted from physical activity at work to variation in leisure time activity since most jobs now tend to be more or less sedentary.
The energy density of the diet is generally viewed as the main dietary determinant of body fat. 3 Indeed, covert and overt manipulation of energy density of diets leads to spontaneous changes in total energy intake under ad-libitum conditions. 5, 6 Although diets with a high fat content usually have a high energy density, fat intake is not the sole determinant of energy density of the diet; ®ber intake is another important one. 6 The relationship between dietary fat intake and body fat is controversial. This is partly due to the fact that most epidemiological studies have reported only associations between percentage energy derived from fat in the diet and body fat. Those studies failed to adjust for the absolute intake of fat and ®ber and indicators of energy expenditure. 22 In the present study signi®cant associations between dietary fat intake and either BMI or subscapular skinfold thickness were not observed. This implies that in these populations, compared to a low-fat diet, a high dietary ®ber intake was more important for the protection against high levels of body fat. High ®ber intake leads to`bulky' diets which limit spontaneous intake of energy. 5, 6 When the Seven Countries Study started, physical activity was largely determined by physical activity on the job. Recreational physical activity did not play an important role in the mostly rural populations enrolled in the Seven Countries Study. Most of the jobs in the cohorts with low levels of body fat were physically very demanding, like farming, with little mechanical support. Such jobs are rare in most established market economies but are still very common in other parts of the world. Under the in¯uence of the economies transition in Asia, Latin America and Africa, physical activity during work is rapidly diminishing, particularly in urban areas. 23 At the same time dietary changes in these areas lead to an increasing fat and decreasing ®ber intake. The results of the present study indicate that, in particular, the reduced job-related energy expenditure and the reduced ®ber intake may be strong determinants of increasing body fat levels in these populations.
Migration and time-trend studies have suggested that, at the population level, genetic factors play a minor role in explaining differences in body fat level. 24 This can be illustrated by comparing the results of two Serbian cohorts in the Seven Countries Study. The farmers in Velika Krsna and the Belgrade professors have a similar ethnic background. At the same time they represent the extremes in subscapular skinfold thickness distribution within the Seven Countries Study ( Table 1 ). The average subscapular skinfold thickness of the farmers in Velika Krsna is 8 mm and the average in Belgrade professors 24 mm. Around 1960 the farmers had a high job-related level of physical activity and a relatively high ®ber intake. The professors were physically inactive and had a low ®ber intake. These factors largely determined their level of a body fat.
The present study has shown that there are two important determinants of body fat at the population level: physical activity and a high-®ber diet. Increasing levels of body fat in the populations can be regarded as a normal response to changes in these life-style factors, 25 although individual variation in weight gain in response to a high-fat diet and low levels of physical activity may be determined by genetic susceptibility. 26, 27 Both a low level of physical activity and a low-®ber diet are not only determinants of body fat but also of several chronic diseases such as coronary heart disease and colon cancer. If more evidence is accumulating on the causal relation between these two factors and body fat, demonstration programs can be Physical activity, dietary ®ber and body fat D Kromhout et al designed to show that an increase in physical activity and dietary ®ber can prevent obesity.
